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Degradation  of  fat  by  pathogenic  leptospirae. 
by  F.  Ksaacss  and  L.  LoTrekovieh * 


Personal  conaani cation,  15  Kovsaber  1958. 


Blood  Mna  is  the  scat  important  component  of  media  saployed  in 
the  culture  of  leptospirae  (Fletcher,  1926;  I^riseaov.  1928 ;  SEorfchef, 

1932;  Schueffaer,  1940;  Tersskich,  1945;  Stuart,  1946);  8-K#  rabbit 
serum  has  been  found  optical  for  this  purpose. 

It  has  not  been  established,  however,  whether  the  decisive  effect 
is  furnished  by  albumin,  aad.no  adds,  vitamins  or  lipoid  constituents  of 
blood  serum  in  the  culture  of  leptospirae,  which  do  not  utilise  carbo¬ 
hydrates  and  for  this  reason  propagate  at  a  relatively  loir  rate. 

Helprln  and  Hiatt  (1957)  ifcowed  that  L.  ieterehaemorrhaglae  is 
capable  of  utilising  various  fatty  adds.  In  this  ease  the  blood  serua 
(o specially  aerust  albumin)  present  in  the  nutrient  acts  both  as  an 
energy  source  and  as  a  detoxifying  agent.  In  addition,  as  reflected  in 
the  studies  of  Mbrats  (1955  and  1957),  the  reproduction  of  L.  eanieola, 
is  promoted  not  only  by  fatty  acids,  but  also  by  alcoholic  extracts  of 
rabbit  serum,  bovine  heart  muscle  and  egg  yolk.  Seall  Mounts  of 
lecithin  (Mifucfai  and  Kawata,  1953;  Fulton  and  Spooner,  1956)  and  Liebig's 
neat  extract  (Oran,  1953)  also  further  the  metabolism  and  development  of 
leptospirae. 

It  could  be  expected,  therefore,  that  leptospirae  of  various 
serotypes  are  able  to  cleave  fats  present  in  connective  tissue. 

Initially  we  used  the  method  employing  saturated  paper  strips  to 
demonstrate  degradation  of  beef  tallow  by  leptospirae  (Lcvrskovich,  1957); 
later  we  developed  a  more  sensitive  technique. 

The  procedure  in  brief >  Ms  pines  glass  plates  measuring  12-14x70-60 
am  and  1-2  mm  thick  in  Mhssermann  tubes,  add  though  melted  fat  (usually 
beef  tallow,  lard  or  technical  tri stearin)  to  cover  the  glass  plates 
almost  completely.  The  Wassernann  tubes  filled  with  fat  are  than 
sterilised  for  one  heur  in  the  autoclave  at  1  atmosphere  excess  pressure; 
the  fat  is  cooled  to  50°C  and  the  glass  plates  are  transferred  to  sterile. 


pre-wamed  tfaesemann  tubes.  In  this  manner  the  surplus  fat  collects 
on  the  bottom  of  the  tube,  leaving  a  thin  fat  layer  on  the  glass  plates. 

The  glass  plates,  covered  by  a  thin  fatty  layer,  are  then  placed 
under  sterile  conditions  in  4 -6 -day  Korthof  cultures  of  different  types 
of  leptospirae  which  show  vigorous  reproduction  visible  to  the  unaided 
eye.  Demonstration  of  fat  decomposition  requires  well-developed  cultures, 
since  energetic  cleavage  of  fats  releases  toxic  substances  that  soon 
impede  further  development  of  leptospirae. 

Degradation  of  fats  was  determined  during  storage  of  tubes  for 
7  days  at  28~32°C  by  nearly  simultaneous  presence  of  the  following  mani¬ 
festations; 

1.  The  thin  layer  of  beef  tallow  adhering  to  the  glass  plates  loees 
its  adhesion  (in  contrast  to  controls),  becomes  wrinkled  and  separates 
from  the  plate  after  several  days  (cf.  the  second  tube  on  the  enclosed 
illustration).  The  free  membrane  either  sinks  to  the  bottom  of  the  tube 
or  rises  to  the  upper  layer  of  the  nutrient  (cf .  the  third  tube  on  the 
enclosed  illustration). 

2.  The  partially  loosened  fatty  layer  reveals  either  numerous  nail 
or  a  few  large  "oil  droplets”  1-3  mi  in  diameter  (probably  drops  of  fatty 
acids  with  a  high  content  of  C  atoms).  These  drops  either  separate  by 
themselves  from  the  wrinkled  membrane  or  do  so  upon  shaking  of  the  tube; 
they  collect  on  the  nutrient's  surface. 

3*  Meanwhile  the  medium,  which  has  a  soapy  odor,  acquires  water- 
soluble,  heat-resistant  decomposition  products  (fatty  acids)  which  are 
demonstrated  by  the  circumstance  that  they  dissolve  various  types  of 
erythrocytes  in  high  dilutions. 

4.  The  pH  of  the  cultures  shifts  by  0.3-0. 6  in  the  acid  direction. 

5.  Leptospirae  degenerate  (becoming  stiff  and  motionless)  in 
proportion  to  the  vigor  with  which  they  decompose  fat,  and  perish  not 
rarely  within  a  few  days.  In  cultures  without  signs  of  fat  cleavage, 
on  the  other  hai»?,  they  occasionally,  propagate  more  vigorously  than  in 
fat-free  madia. 

Titration  of  erythrocyte-lysing  fatty  decomposition  produets  present 
in  the  medium  was  accomplished  by  mixing  lots  of  0.5  ml  of  dilutions, 
made  with  normal  saline  in  geometric  sequence,  with  0.5  ml  of  a  2%  sus¬ 
pension  of  erythrocytes  (sheep,  cattle,  horse,  swine,  guinea  pig,  etc.) 
which  had  been  washed  three  times.  Hemolysis  was  analysed  after  storage 
of  tubes  for  2  hours  in  a  water  bath  of  38°C;  complete  lysis  was  indicated 
by  //,  50JS  lysis  by  /,  and  tract  effect*  by 
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In  the  who  of  our  study  w*  examined  predominantly  the  fat  de¬ 
composition  of  Hungarian,  virulent  (freshly  gram)  •trains  from  oar 
collection.  Data  on  growth,  cultural  peculiarities  sad  baef  tallow 
degradation  of  these  strains  hare  been  compiled  in  Table  1. 

According  to  the  result*.  only  virulent  lsptcapirae  belonging  to 
serotypes  ieterohaemorrhiglae,  can4  cola  and  pomooa  are  able  to  cleare 
beef  tallow  intensely,  i.®.,  only  those  strains  that  cause  jaundice  and 
connective  tissue  or  pulmonary  heaorrbages  in  doawstie  and  experimental 
animals  (Syrian  hamsters  and  guinea  pigs). 

Fat  degradation  by  leptospirae  of  types  grlppotyphosa  and  hebdoaadis 
takes  place  on  a  mailer  scale;  it  should  be  noted,  however,  that  we  did 
not  employ  fully  virulent  strains  of  these  types  in  our  tests. 

We  were  unable  to  demonstrate  cleavage  of  beef  tallow  by  strains 
hyos,  sejroe  and  saxkoeblng,  although  ws  found  occasionally  that  they 
experienced  better  initial  growth  in  these  fatty  media  than  in  control 
cultures.  It  is  interesting  to  note  that  these  strains  failed  to 
produce  clinical  symptoms  in  domestic  animals. 

We  also  established  that  strains  which  had  been  grown  in  pure 
culture  some  time  ago  and  had  become  avirulent  without  change  in  antigenic 
structure,  had  lost  some  or  all  of  their  original  ability  to  cleare  fat 
and  to  produce  heao toxin  (Kemenes,  1958). 

Lard  was  decomposed  by  our  strains  somewhat  more  intensely  than  beef 
tallow,  although  the  membrane  adhering  to  the  glass  plate  was  separated 
at  the  most  in  the  form  of  tiny  scales.  "Oil  droplets"  were  given  off 
on  a  larger  scale,  however,  yielding  a  titer  of  hemolytic  decomposition 
products  which  was  usually  higher  by  one  dilution. 

Examination  of  rabbit  fat  revealed  no  apparent  change  in  the  fatty 
layer;  separation  of  "oil  droplets"  was  usually  absent.  On  the  other 
hand,  strong  hemolytic  titers  (1i64-256)  indicated  the  presence  of 
extensive  cleavage. 

In  the  case  of  technical  tri  stearin  melting  at  67°C  (a  product 
consisting  of  more  than  90Jf  tri  stearate  of  glycerol  ester),  decomposition 
was  indicated  only  by  separation  of  the  hard,  fatty  layer  in  e  form 
resembling  smooth  paper,  without  production  of  homo  lysing  side  products. 
Surprisingly  enough,  this  medium  promoted  the  initial  growth  of  strongly 
fat-degrading  leptospirae  in  all  eases  vis-a-vis  control  nutrients 
without  this  lipoid. 


3 


Fat  decomposition  apparently  involves  an  enzymatic  effect  (lipase). 
Cultures  maintained  at  /i*C  do  not  attack  lipoid,  although  they  may  be 
stored  for  days  at  this  temperature  without  losing  their  power  of  cleavage. 
Cultures  withdrawn  from  low  temperatures  behave  like  those  exposed  to 
fatty  plates  on  the  same  day,  by  decomposing  fats  most  intensely  between 
28  and  32°C,  to  a  lesser  extent  at  higher  or  lower  temperatures. 

When  cultures  are  placed  in  a  water  bath  of  56-60°C  for  10  minutes, 
lipoid  decomposition  is  reduced  but  little,  although  leptospirae  and  the 
beaotoxin  produced  by  them  are  inactivated  thereby.  Inactivation  of  the 
fat-cleaving  ability  normally  sets  in  after  10  minutes  in  a  water  bath 
wf  80°C. 

It  is  interesting  to  note  that  the  original  ability  to  degrade  fats 
is  demon"*; -feed  as  before  in  non-cellular  filtrates  of  L.  canicola  and 
L.  pomona,  whereas  this  power  is  reduced  in  filtrates  of  L.  ietero- 
hemorrhagiae. 

The  appropriate  hemolytic  decomposition  products  are  also  produced 
by  the  effect  of  lipase.  In  contrast  to  hemotoxin,  they  are  resistant 
to  heat  and  capable  of  lysing  erythrocytes  of  ruminants  (sheep,  cattle 
and  goats)  and  other  species,  espeda  JLy  those  of  guinea  pigs,  in  high 
titers. 
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As  reflected  by  the  study,  there  are  considerable  differences  among 
virulent  leptospirae  of  various  type  with  respect  to  fat  decomposition. 
Our  results  agree  wLth  reports  of  utilisation  of  different  fatty  acids 
and  lipoids,  particularly  on  tbs  part  of  L.  icterohaeaorrhaglae  (Hitachi 
and  Kawmta,  1953;  Pulton  and  Spooner,  1956;  Helprln  and  Hiatt,  1957)  and 
L.  canicola  (Worsts,  1955  and  1957) «  In  similar  experiments  with  L.  hyoa 
and  L.  grippotyphosa.  Got  he  (1957)  wms  unable  to  get  results  of  equal 
weight. 

As  shown  unequivocally  by  our  comparative  studies  of  pancreatic  and 
bacterial  lipase  (Bert ok  and  Kemenes,  1956),  fat  decomposition  by  lepto¬ 
spirae  involves  the  action  of  lipase.  Our  experiments  show  that  fats 
attacked  by  leptospirae,  as  in  the  case  of  pancreatic  and  bacterial 
lipases,  are  left  on  the  glass  plates  in  the  form  of  a  mealy,  white 
deposit  after  drying,  while  beef  tallow  separates  easily  in  the  form  of 
a  creased  membrane.  Meanwhile  the  fatty  layer  secretes  "oil  droplets" 
(probably  drops  of  fatty  aeid  with  a  high  content  of  C  atoms)  which 
collect  on  the  surface  of  tbs  nutrisnt  and  exude  s  soa^y  odor;  at  the 
same  Urns  the  degraded  fats  give  off  thermostable  decomposition  products 
(fatty  adda)  that  act  toxically  on  red  blood  cells  and  on  leptospirae. 
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The  pathologic*!  significance  of  lep to spiral  lipoid  decomposition 
lies  in  the  fact  that  those  serotypes  that  attack  fats  vigorously  can 
cause  jaundice  and  hemorrhages  in  the  connective  tissue,  the  lungs, 
resoles,  etc. 

The  circumstance  that  strains  subjected  to  prolonged  laboratory 
culture  be cone  a virulent  nay  be  due  to  the  Ices  of  their  original  ability 
to  produce  hemotoxin  (Serenes,  1958)  and  partial  or  eonplete  cessation  of 
lipoid  degradation. 


9uaatrr 

A  new  aethod  (utilising  glass  plates  covered  with  a  thin  layer  of  • 
fat)  uas  eaployed  in  the  study  of  lipoid  degradation  ( especially  that  of 
beef  tallow)  by  pathogenic  leptospirae,  frem-awr  institutional  collection. 

The  tested  fats  were  attacked  rest  vigorously  by  virulent  leptoeplrae 
belonging  to  serotypes  L.  ieterobearerrhaglae,  L.  eanieola  and  L.  porena, 
to  a  lesser  extent  by  types  grippotyphosa  and  hebdomadis.  Ho  demonstrable 
lipoid  cleavage  ms  evidenced  by  virulent  strains  hyos,  sejroe  and 
saxfeoeblng,  or  by  » virulent  strains  subjected  to  protracted  laboratory 
culture.  lipase  contained  in  the  leptoeplrae  causes  the  fats  to  give  off 
"oil  droplets"  (probably  drops  of  fatty  acid  with  a  high  content  of  C 
stoma),  while  releasing  toxic,  hemolytic  decomposition  products  into  tbs 
soapy-smelling  nutrient.  The  pathological  importance  of  fat  cleavage  by 
leptoeplrae  ought  to  involve  the  fact  that  serotypes  which  attack  lipoid 
rest  intensely  are  usually  capable  of  causing  jaundice  and  hemorrhages 
in  various  tissues. 
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Table  1 


Origin,  cultural  properties  and  data  on  beef  tallow  decomposition 
by  leptoiplrae  of  different  serotypes. _ _ 
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Leptoepiral  strains 


Data  on  lipoid  degradation 
after  incubation  at  30°C  for  1  week 
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Leaead;  /  -  vigorous  (virulent) 

(/)  -  aodemte  (■oderately  virulent) 

/  -  =  weak  (nearly  a virulent) 

-  =  negative  (avirulent) 

Table 

Erythrocytic  titration  of  heao lytic  dtvoapoeition  produets  In  a 
culture  of  L.  can! cola  on  the  7th  day  of  beef  tallow  cleavage. 
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Illustrations 

Fig.  1.  Culture  of  L.  hyoe  with  unchanged  fat  plate.  The  strain 
does  not  decompose  fat. 

Fig.  2.  Culture  of  t.  icteroheeaorrhaglee  with  fat  plate  on  the 
4th  day  of  exposure.  The  wrinkled  fat  layer  has  separated  in  pert  from 
the  fat  platelet. 

Fig.  3.  Culture  of  L.  c&nioolt  with  fat  plate  on  the  6th  day  of 
exposure.  The  fatty  layer  has  separated  and  has  risen  to  the  upper 
stratus  of  the  culture. 


7 


